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FORFWORD 


There  are:  at  lcast  T'.vo  schools  of  thought  with  regard 
to  the  present  cycle  of  erosion   in  the  west  and  southwest. 
One  SCHOOL  of  thought  leans  toward   the  belief  that  TOLiAy'S 
eriosion  is  largely  a  t^esult  of  climatic  cha'jge,  a  change  to 
a  more  arid  climate.     the  other  school  of  thol-'ght  believes 
that  the  present  ei^oolon  cycle  is  largely  due  to  .man's  d  i  s- 
tur3ance  of  plant  cover  through  overgrazing,  build!  fslg  of 
roads  and  trails,  and  other  activities, 

Neither  school  neglects  the  vievvpoiijt  of  the  other  in 
draiving   its  own  conclusions.     but  each  leans  well  away  from 
the  other,  one  towards  man  as  a  factor,  the  other  towards 

CLIMATE.  The  follow  lIvJG  ARTICLE  IS  ONE  OF  THE  MOST  COMPLETE 
PRESENTATIONS    OF    ONE    POINT    OF  VIEW. 


3Y 

HUGH    C.  CALKl'-JO 


Twenc:  havi:  orvi-iLOPCD  a  numoer  of  concepts  ncGARoiwe  the   i  fjfLULrict: 

OF    ;.lAi:'S    use    OF    THE    EARTH    UPOf!    KIG    E  !J  V  1  RO I  If.l  E '  •  T  .      A    VIEW    THAT    IS  FAIRLY 
GENERAL    TODAY,    BUT    3Y    rj  0    f.lEA.NS    .NLV.',     IS    THAT     it!    OUR    OCCUPATIOM    AND  I'SE 
OF    T;1E    land    V;E    transform    it.       3UT     it     is    only    relatively    RECErJTLY  TI'AT 
ViE    HAVE    ASi,U:,1ED    R  E  S  F  0  N  S  I  D  I  L  1  T  Y    FOR    OU.'i    ACTION.      V;  E    r;  A  V  E    LONG    S  E    N  OUR- 
SELVES   Ar.    VICTIMS    OF    OU^    E  N  V  I  R  0  Nf  1  E  N  T  ,    "i  U  T    HAVE    NOT    LONG    SEEN    OURS^.i.  VES 
AS    AN    ACTIVE    PART    OF    THAT    E 'J  V  1  R  0  fiiM  E  :■:  T  .       THE    EFFECT    OF    .MAN    UPON  THE 
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EARTH'S    SU:'FACE    AND    ITS    PROCESSES     IS    '.VELL    EXPRESSED    BY    DOCTOR  oAUEn_ 
m  EN    HE    SAYS,    "THE    LATENT    AGENT    TO    I.iCDIFY    THE    EARTH'S    SURFACE    15  MAN. 

Man  must  be  regardel)  directly  as  a  geouorpholog  i  c  agent,  for  he  hag  in- 
creasingly   ALTERED    THE    COrJDITlONS    OF    DENUOATION   AND    AGGRADATION    OF  THE 
EARTH'S    surface;    AND    lilAr.Y    AN    ERROR    NAS    CREPT     INTO    PHYSICAL  GEOGRAPHY 
GECAUSE    IT    WAS    NOT    S  U  F  F  I  C  I  E  rj  T  L  Y    nECOGNIZEO    THAT    THE    MAJOR    PROCESSES  OF 
PHYSICAL    SCULPTURING    OF    THE    EARTH    CAr.'NOT    BE    SAFELY    INFERRED    FROr.l  Ti-IE 
PROCESSES    THAT    ONE    SEES    AT    ViORK    TODAY    UNDEI:    hlUi/ATi    OCCUPATION.  INDEED, 
A    CLASS    OF    FACTS    WHICH    CRUNHES    LABELED    AS     'FACTS    OF    DESTRUCTIVE  OCCU- 

patiorj'  such  as  soil  erosion,  are     c  s  t  literally  expressions  of  human 
geomorphgs is." 

as  applied  to  eros  10, n  on  cultivated  lands,   this  point  of  v  i  e '.v  is 

ALt.'.OST    UNIVERSAL.       BUT,    AS    EVIDEN'CED    BY    DOCTOR    3RYAN'S    RECENT  ARTICLE 
E  R  0  3  1  0  T'J    J__N    THE    S  0  U  T  H  V/  E  S  T    ,  SO. ME    FIND    IT     INAPPLICABLE    TO    THE    RANGES  OF 
THE    SE.MI-A;-ID    SOUTHWEST,    V^H  E  R  E    THEY    L'OULO    HOLD    E ! :  V  I  R  0  NM  E  N  T  A  L  FACTORS 
OTHER    THAN    f.lAfJ    CHIEFLY  ACCOUNTABLE. 

Doctor  Bryan  minimizes  man's  respons  i  d  i  l  i  t  y  •.■.■hen  he  expresses  the 

3ELIEr    that    the    LAND    PRODLE.MS    OF    THE    SOUTHWEST    "NAY    BE    CVCRCOt.'.E    6Y  A 
G  E  r  j  E  R  0  U  S    f  J  ,\  T  U  R  E  ,    RETURNING    GOOD    FOR  EVIL." 

If    the    CULTURE    OF    '.IAN    SONETIt/-ES    HAS    ADVERSE    EFFECTS    UPOfJ    HIS  EN- 
VIRONMENT   Ar,D    SECONDARILY    UPO.N    HIMSELF,     IT    '.VOUL!)    SEEM    THAT    THE  RESPOiJS- 
1P1L11Y    FOr:    APPRAISING    AND    RF.mEDYING    THOSE    EFFECTS    IS    THE    R  E  S  PO  N  S  1  i3  t  L  !  T  Y 
OF    SOCIETY    RATHER    THAN    OF    THE     INDIVIDUAL    -    THAT     IF    INDIVIDUALS    ARE  VIC- 
TIMS   OF    DAMAGE    V/HOSE    CAljSEG    THEY    HAVE    Ti  0    r.lEANS    OF    CONTROLLING,  THE 
PROBLEM    IS    A    GROUP  CONCERN. 


j_    Regional  C  o  rg  s  e  r  v  a  r  o  r  ,  soil  C  o  rg  s  e  k  v  a  t  i  o  n  service,  S  c  li  t  h  v;  e  s  t  region 
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The  community  or  the  nation  cannot  afford  to  look  upon  its  irre- 
placeable   RESOURCES    AS    AN    INDIVIDUAL    MIGHT    LOOK    UPON    THE    DESTRUCTION  OF 
AN    ACRE    OF    LAND    OR    EVEN    OF    HIS    ENTIRE    FARM.       THE    INDIVIDUAL    CAN    GIVE  A 
PURELY    DOLLAR    VALUATION    OF    HIS    SOILS,    HIS    ACHES    OF    FARMLAND.       IF    HE  IS 
SOLVENT    HE    CAN    BUY    ANOTHER    FARM    OR    RANCH    WHEN    HE    HAS    DAMAGED    OR  DESTROYED 
THE    ORIGINAL    ONE.      NATIONALLY    AND    REGIONALLY,    HOWEVER,    THE    0  P  P  0  R  T  U  r!  I  T  1  E  S 
FOR    MOVING    TO    NEW    FARMS    AND    NEW    JOBS    ARE    DECIDEDLY    RESTRICTED.       SO,  FROM 
THE    SOCIAL    POINT    OF    VIEV.',    AN    ECONOrAlC    JUSTIFICATION    OF    THE  CONSERVATION 
OF    NATURAL    RESOURCES    BASED    ONLY    ON    THE    CURRENT    MARKET    VALUE    OF    LAND  IS 
NOT    ENTIRELY    SATISFACTORY.       A    CONSERVATION    PROGRAM    THAT    BEST  APPORTIONS 
AND    USES    THE    LIMITED    FUNDS    AT    ITS    DISPOSAL    MUST    WEIGH    ALL  FACTORS: 
PROPERTY    DAMAGE,    COST    OF    SOIL    LOSSES,    THE    IMMOBILITY    OF  ESTABLISHED 
CITIES    AND    COMMUNITIES,    AND    THE    HUMAN    AND    ECONOMIC    COST    INVOLVED  IN 
THE    MIGRATION    OF    PEOPLE    FROM    AREAS    DESTROYED    BY  MISUSE. 

In    the    PRESENT    DAY     IT    WOULD    SEEM    PRETTY    DISASTROUS    FOR    US    TO  VALUE 

irreplaceable  resources   in  the  same  ivay  we  value  razor  blades.     and  yet 
Doctor  Bryan  appears  to  do  this  when  he  repeatedly  calls  for  this  type 
of  valuation  and  m e a s u r 1 s  destruction  of  soil  and  water   in  terms  of 
purely   individual  values.     he  asks  for  measurement  of  damage  only  "in 
the  common  denominator  of  '^he  dollar,"  and  suggests  that,  "the  control 
of  eros  1  on  .....  should  not  cost  more  than  the  value  of  the  stored  water 
that  would  otherwise  be  lost." 


SUCH    AN    ECONOMIC    VIEW    SEEMS    PARTICULARLY    OPEN    TO    QUESTION  BECAUSE, 
APPARENTLY,     IT     IS    NOT    ONLY    ENTIRELY    BASED    ON    A    DOLLAR    VALUATION    OF  RE- 
SOURCES   BUT    FAILS    TO    COrjS'DER    ANY    PROPERTY    DAMAGE    SUSTAINED    FROM  EROSION 
EXCEPT    THE    LOSS    OF     I  R  R  1  C  A  T  I  0      WATER    THROUGH    RESERVOIR    SILTING    -    ONLY  ONE 
OF    THE    SEVERAL    MAJOR    ELEMENTS    OF  DAMAGE. 


The    RAPID    RISE    OF    SILT    IN    THE    CHANNEL    OF    THE    RIO    GRANDE,    FOR  IN- 
STANCE,    IS    OF   MUCH    MORE    IMMEDIATE    AND,    POSSIBLY,    LASTING    CONCERN  TO 
TENS    OF    THOUSANDS    OF    PEOPLE    LIVING    ON    FARMS    AND    IN    THE    TOWNS    AND  CITIES 
ALONG    THE    RiO    GRANDE    THAN     IS    THE    SILTING    OF    ELEPHANT    BUTTE    DAM,       tfE  MAY 
BE    ABLE    TO    BUILD    ANOTHER    DAM;    WE    CANNOT    BUILD    ANOTHER    I<  I  V  E  R  .       YET  DOC- 
TOR   BRYAN    SAYS    THAT    "THE    INCREASED    LOAD    OF   MUD    WILL,    WITHIN    A  FEW 
GENERATIONS    OF    MEN,    FILL    THE    RESERVOIRS    AND    RENDER    THEM    VALUELESS  FOR 

STORAGE.     This  is  the  great  'arroyo  PROBLEM,*"     Unfortunately,  that 

PROBLEM    IS    NOT    SO    LIMITED    IN    SCOPE.       1n    1880,    ABOUT    100,000    ACRES  WERE 

under  cultivation  in  the  ^.llddle  rlo  grande  valley;  by  1925,  channel 
silting  and  water- logging  of  valley  lands  had  reduced  this  acreage  to 
40,000.     The  Middle  Rio  Grande  Conservancy  District  has  been  formed 
and  has  spent  several  million  dollars  to  drain,  protect,  and  restore 
part  of  the  lost  farmland.     the  deep  cutting  of  the  rlo  puerco  valley 

HAS    LEFT    MOST    OF    ITS    ONCE    IRRIGATED    FARMS    HIGH    AND    DRY.      AT    SAN  [;aRCIAL, 
BELOW    SOCORRO,    THE    RIVER    BED    HAS    RISEN    TWELVE    FEET    WITH    SILT  DEPOSITS 
IN    FORTY-EIGHT    YEARS,    AND    THE    TOWN    OF    SAN   MARCIAL     ITSELF    HAS    BEEN  DE- 
STROYED BY  FLOODS.     These  conditions,   too,  are  part  of  the  "great 

ARROYO  problem." 


Doctor  Bryan  considers  the  cost  or  erosion  control,  saying  that 
"the  spending  of  ten  dollars  an  acre  on  land  that  the  government  has 

PUWCHASCD    at    from    FIFTY-EIGHT    CENTS    TO    TWO    DOLLARS    AND    FIFTY    CEWTS  CAN- 

flot  lorjg  3e  justified.,.."     this  concern  over  the  spending  of     |  0  per 
acre  on  land  worth  fifty  cents  seems  reasonable  enough.     such  /.  n  expen- 
diture on  each  acre  of  watershed  eroding  land  might  well  represent  an 
ifjefficlent  and  unintelligent  approach  to  the  erosion  problem  and  its 
solution.     as  a  matter  of  fact,  many  acres  need  no  treatmetjt  of  any  kind 
except  cofjservative  use.     other  acres   in  a  critical  area  may  be  the  site 
of  a  structure  costing     1  0  or  i;l,000,  but  benefiting  or  safeguarding  a 
good  many  hundreds  of  acres  of  land  or  other  property, 

The  view  of  erosion  presented   in  this  paper  differentiates  between 
the  normal  development  of  southwestern  valleys  by  erosion  during  quater- 
nary and  recent  geologic  periods,  and  the  present  period  of  active  gully 

CUTTING    which    STARTED    IN    THE    SOUTHWEST    ABOUT    1865.       BUT    BRYAN  CONSIDERS 

the  present  active  erosion  a  natural  part  of  the  geologic  cycle,  with 
overgrazing  acting  as  no  more  than  a  trigger  pull  to  set  the  inevitable 
forces   in  motlof-j.     he  bases  his  hypothesis  on  the  fact  that,    irj  many 
alluvial  valleys  now  eroding,  we  find  remnants  of  old  arroyos  mow  filled, 
Since  these  remnants  of  old  arroyos  were  cut  before  the  introduction  of 
domestic  livestock,  he  attributes  these  old,  buried  channels  and  the 
present  arroyos,  which  he  considers  entirely  comparable,  to  climatic 

CHANGE.      His    thesis,     in    ESSENCE,  IS    THAT    A    SHIFT    TO    A    DRIER  CLir/ATE 

RESULTS    IN    erosion;    A    SHIFT    TO    A  WETTER,    HUMID    CLIMATE    RESULTS  IN 
AGGRA0AT10^i, 

Our  thesis  here  is  that  the  buried  channels  are  not  comparable  to 

THE    present   ARROYOS    IN    THAT    THE    FORMER    ARE    REMNANTS    OF  DISCONTINUOUS 
gullies;    THAT    DISCONTINUOUS    GULLIES    ARE    A    NATURAL    PART    OF    VALLEY  DEVELOP- 
MENT   IN    THE    SOUTHWEST;    AND    THAT    THESE    DISCONTINUOUS    GULLIES    ARE  THE 
RESULT    OF    VACILLATIONS     IN    RAINFALL    NOT    INVOLVING    CLIMATIC  CHANGE. 

An    APPRAISAL    OF    THE    CONFLICTING    VIEWS    REQUIRES    A    DISCUSSION  OF 

the  mechanics  of  erosion  as  they  apply  to  southwestern  conditions. 

Erosion   in  the  Southwest   is  the  result  of  surface  run-off  modified 

BY  environmental  FACTORS.  1n  THE  SOUTHWEST  THERE  IS  A  WIDE  VARIATION 
IN  AMOUNT  OF  ANNUAL  PRECIPITATION,  IN  SEASONAL  OCCURRENCE,  AND  IN  IN- 
TENSITY OF  INDIVIDUAL  RAINSTORMS,  1n  GENERAL,  THE  AMOUNT  AND  TYPE  OF 
VEGETATION  REFLECTS  THE  AMOUNT  AND  SEASONAL  DISTRIBUTION  OF  RAINFALL, 
WHILE  EROSION  REFLECTS  THE  INTENSITY  AND  AMOUNT  OF  INDIVIDUAL  RAINS, 
OR    THE    CLOSE    COINCIDENCE    OF    SEVERAL    RAlfJS     IN    TIME    OR  SPACE, 

The    PLANT    COVER    OF    AN    AREA     IS    ESSETcTIALLY    DEPENDENT    ON  RAITJFALL, 
ALTHOUGH    THIS    DEPENDENCY     IS    MODIFIED    3Y    FACTORS    OF    TEMPERATURE,  HUMID- 
ITY,   AND    SOIL    PROPERTIES,      UNDER    VIRGIN    CONDITIONS    THE    AMOUNT    AND  TYPE 
OF    PLANT    COVER    WOULD    VARY    WITH    RAINFALL,      SIMILARLY,    EROSION  CONDITIONS 
ARE    DEPENDENT    ON    VEGETATIVE    COVER    AS    WELL    AS    SOIL    PROPERTIES    A;;  D  RAINFALL 
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GIVEN,    THE:J,    a    fluctuating    COVER    OF    VEGETATION    ON    AN    AREA,  WHAT 
EFFECT    WOULD    THESE    FLUCTUATIONS    HAVE    ON    RUN-OFF    AND    EROSION?  MEASURE- 
MENTS   OF    THE    RATE    AT    WHICH    SOILS    WILL    ABSORB    WATER    HAVE    SHOWN    A  MARKED 
CORRELATION    BLTWC.EN    THE    DENSITY    AND    VOLUME    GROWTH    OF    VEGETATION,    ON  ONE 
HAND,    AND    THE    INFILTRATION    RATE    OF    WATER,    ON    THE    OTHER.       ThE    MORE  VEGE- 
TATION   THE    MORE    RAPIDLY    THE    SOIL    ABSORBS    WATER,       BUT    WHILE    A    GIVEN  RE- 
DUCTIOrg    OF    PLANT    COVER    MAY    DECREASE    THE    RATE    OF    WATER    INTAKE    BY    O.NLY  10 
TO    20    PER    CENT,    THAT    REDUCTION    MAY    INCREASE    THE    AMOUNT    OF    SEDIMENT  MOVED 
FROM    EIGHT    TO    A    HUNDRED    TIMES.       THUS,    RAINS    OCCURRING    DURING    PERIODS  OF 
DROUGHT    AND    REDUCED    PLANT    COVER    PRODUCE    A    SMALL    INCREASE    IN    RUrj-OFF  WITH 
AN    ENORMOUS     INCREASE    IN    SOIL    MOVED.       THIS    RESULTS     IN    ACTIVE    CUTTI'IG  AT 
ONE    POINT,    BUT    ACTIVE    FILLING    DOWNSTREAM    AT  ANOTHER. 

In    THE    SOUTHWEST,    THERE    IS    A    STRIKING    DIFFERENCE    IK    THE    SHORT- GRASS, 

relatively  sparse  hillside  vegetation,  afjd  the  long  dense  grasses  of  the 
alluvial  valley  bottoms,     water  from  the  hillsides  and  s..1all  tributary 
drainages  collects   in  the  valley  bottoms,  giving  them  water  3y  flood 
irrigation  in  addition  to  that  received  directly  from  precipitation.  the 
flood  water   increases  the  growth  and  density  of  this  vegetation.     in  turn, 
the  great  density  and  volume  of  these  grasses  protect  the  valleys  agairjst 
most  flood  flows  for,   under  normal   condi  t1cn6,   rurj-off  from  tributary 
areas   is  lost   in  the  relatively  wide,  flat,   grassy  valleys,  the  sediment 
load  being  deposited  as  velocity  and  flow  diminish.     in  high  flows,  the 
force  of  the  moving  water  la/s  the  grass  on  the  ground,  creating  a  pro- 
tective grass  pavemer;t   in  the  watercourse.     thus  vegetation  protects 
alluvial  valleys  from  all  but  the  greatest  storms, 

Even   in  dry  periods  the  vegetation  of  these  valleys  has  a  better 

CHANCE  of  survival  THAN  THAT  ON  THE  TRIBUTARY  AREAS,  UATER  RECEIVED 
FROM  FLOOD  RUN-OFF  IS  USUALLY  SUFFICIENT  IN  EVEN  THE  DRIEST  YEARS  TO 
PRODUCE    PROTECTIVE  VEGETATION. 

In    any    PERIOD,    HOV.'EVER,    THERE    ARE    INFREQUENT    STORMS    OF    HIGH  INTENS- 
ITY   AGAINST    WHICH    EVEN    A    W E L L- V E G E T A T E D    AREA    IS    NOT    ADEQUATELY  PROTECTED, 
AND    RAPID    RUN-OFF    OCCURS,       THIS     INTENSE    RUN-OFF    CREATES    HIGH    FLOWS  OF 
WATER    WITH    GREAT    VELOCITY    AND    CUTTING    POWER.       EROSION    OCCURS    AT  STORM 
LOCATIONS    IN    THE    TRIBUTARY    DRAliIAGES,    AND    GULLIES    FORM    AT    POINTS  OF 
RUN-OFF    CONCENTRATION    OR    WEAKNESS     IN    THE    ALLUVIAL    '/ALLEYS.       BUT    AS  THE 
FLOOD    TRAVELS    DOWN    THE    VALLEY,    MUCH    OF    ITS    WATER    IS     TEMPORARILY  STORED 
IN    THE    FILLING    OF    THE    VALLEY    BOTTOM,    AND    SOME    IS    LOST    THROUGH  ABSORPTION. 
As    THIS    TAKES    PLACE,     THE     INTENSITY    OF    FLOW    AND    VELOCITY     IS    REDUCED,  VEGE- 
TATIVE   PROTECTION    BECOMES    EFFECTIVE,    THE    FLOW    CEASES     TO    CUT    AND  DROPS 
MOST    OF     ITS    SEDIMENT    LOAD.       UNDER    THESE    CONDITIONS,    EROSION     IS  LOCALIZED, 
IVhILE    there    is    CUTTING    AT    THE    POINTS    OF    GREATEST    STOR.M    AfJD    FLOOD  INTENS- 
ity, there  is  deposition  and  building  of  the  valley  fuoor  at  other  poifjts. 

Thus,  the  original  alluvial   valley  presumably  should  have  had,  and 

EVIDENCE    indicates    THAT    IT    DID    HAVE,    A    SERIES    OF    DISCONTINUOUS  GULLIES, 
THEIR    POSITION    AND    LENGTH    DEPENDING    ON    THE    CHANCE    LOCATJON    OF  HEAVY 
STORMS    WITHIN    ITS    TRIBUTARY  DRAINAGE. 


Much  mas  secw  made,  by  many  people,  of  thc  change  of  climatic 

CONDITIONS,       The    supposed    change    has    B€C;i    so    OFTEN    PUT    FORWARD    AS  A 
CAUSE    OF    SOME    OTHER    CHANGE    THAT     IT   J^i'gHT    BE    WELL    TO    EXAMINE  AVAILABLE 
RECORDS    TO    SEE    WHAT    THEY    INDICATE.       RECORDS    OF    PRECIPITATION     IN  THE 
SOUTHWEST    BEGIN    AT    SANTA    FE,    JN    I B49 ,    AND    AT    TUCSON,     IN    1868.  ANALYSIS 
OF    THESE    RECORDS    I  N D I  C A T 'NC    MORE    VARIATION    IN    RAINFALL    FROM    YEAR  TO 
YEAR    THAN    WOULD    BE    EXPECTED    IN    A    RANDOM    SERIES    OF    THAT    LENGTH.  THE 
STUDY    OF    TREE    RINGS    HAS    ENABLED    US,    WITH    SOME    DEGREE    OF    SUCCESS,  TO 
ESTABLISH    SOME    MEASURE    OF    RAINFALL    AT    EARLIER    DATES.       THOUGH    THERE  ARE 
DEFINITE    INDICATIONS    OF    PERIODS    OF    SEVERE    DROUGHT,    THERE    IS    NO  EVID'^NCE 
THAT    THEY    ARE    DUE    TO    A    CHANGE    OF    CLIMATE    OR    THAT    THEY    ARE    ANYTHING  UORE 
THAN    THE    WIDE    VARIATION    FROM    THE    NORMAL    OCCURRENCE    WE    SHOULD    EXPECT  OVER 
A    LONG    PEfnOD    OF    TIME.       ij'E    FlhJD    THAT    THE    QUESTION    OF    CLIMATIC  CHANGE 
OVER    THE    PERIOD    IN    QUESTION    COMES    DOWN    TO    A    DEFINITION    GF    TERMS,       D I F~ 
FERENCES    BETWEEN    THE    CLIMATE    OF    DIFFERENT    PERIODS    ARE    ADMITTED,    BUT  IT 
ALSO    SEEMS    CLEAR    THAT    THESE    DIFFERENCES    ARE    FORTUITOUS,    HAVE    NO  DEFIN- 
ITE   PERIOD    OF    RECURRENCE,    AND    DO    NOT    SHjW    ANY    SUSTAINED  TREND. 

GRANTED    THAT     IN    THE    PAST    THERE    WERE    PERIODS    OF    DROUGHT    MORE  SEVERE 
THAN    ANY    RECORDED    IN    RECENT    TIMES,    LET    US    EXAMINE    DOCTOR    BRYAI-j'S  CON- 
clusion that  arroyo  cutting  occurs   in  dry  periods. 

,  Analysis  of  rainfall  records   indicates  that   intense  rainfalls  are 
much  less  likely  to  occur   in  drought  periods  than   in  humid  periods, 

FEW    intense    storms    WOULD    BE    EXPECTED    IN    A    PROLONGED    PERIOD    OF  DROUGHT. 
CONTINUED    DROUGHT    WOULD    DECREASE    PLANT    COVER    ON    TRIBUTARY  DRAINAGES. 
As    HAS    ALREADY    BEEN    SHOWN,    THIS    WOULD    INCREASE    THE    AMOUNT    OF    RUN— OFF 
FROM    A    GIVEN    STORM    ONLY    SLIGHTLY    BUT    WOULD    GREATLY    INCREASE  SEDIMENT 
MOVEMENT.       BUT    THE    INCREASE    IN    RUN-OFF    WOULD    TEND    TO    REDUCE    THE  EFFECT 
OF    DROUGHT    iN    THE    ALLUVIAL    VALLEYS,    WHERE    SOME    FLOOD    IRRIGATION  WOULD 
MAINTAIN    FAIRLY    DENSE    GRASS    THAT    t'OULD    BE    PROTECTION    AGAINST  MINOR 

FLOODS,     Intense  storms  would  be  more   infrequent  than   in  wetter  periods. 

UHEN    THEY    OCCURRED,    DISCONTINUOUS    GULLIES    WOULD    BE    FORMED.       BUT    THE    I N- 

frequency  'j  f  heavy  storms,  together  with   increased  sediment  loads  out 
of  all  proportion  to   increased  run-off  fro:'  smaller  storms,  should  re- 
sult  in  a  balance  of  deposition.     gullies  would  'jaturally  fill. 

so   it  must  be  concluded   that  a  droughty  period  would  not  3e  a 
period  gf  valley  trenching;  that   infrequent  heavy  storms,  relatively 
well-protected  valley  bottoms,  and  high  silt  loads  coupled  to  rela- 
tively low  water  flows  would  result   in  a  period  of  aggradation  with 
only  discontinuous  channels  spotting  the  alluvial  valleys. 

Since  channel  filling  appears  to  occur   in  a  dry  period,   it  may 

WELL    BE    asked    WHAT    THE    EROSION    SITUATION     IS     IN    A    WET    PERIOD.  RECORDS 
SHOW    THAT    DURING    A    WET    CYCLE    THE    NUMBER    OF     INTENSE    STORMS    AND  THEIR 
DISTRIBUTION    OVER    AN    AREA    INCREASE,       BUT    SINCE    PLANT    COVER    ALSO  IN- 
CREASES   ON    BOTH    TRIBUTARIES    AND    IN    ALLUVIAL    VALLEYS    WITH    A  GREATER 
WATER    SUPPLY,    THE    VOLUME    OF    RUN-OFF    INCREASES    WITHOUT    A  CORRESPONDING 
INCREASE    IN    SEDIMENT  LOAD. 


The  mort  frequent   intense  storms,  as  we  have   indicated,   cut  at  some 

POINTS    IN    spite    of    VEGETATIVE    COVER,    ERODE    THESE    POINTS    RAPIDLY,  AND 
CARRY    EROSION    PRODUCTS    GREAT    DISTANCES    BECAUSE    IvUN-OFF    AND    FLOW    ARE  NOW 
GREATER    IN    PROPORTION    TO    THE    MATERIALS    TO    BE    CARRIED.       THE    ULTll/ATE  RE- 
SULT   WOULD    APPEAR    TO    BE    MORE    AfJD    LARGER    DISCONTINUOUS    GULLIES,    BUT  THE 
CREAT    RESISTANCE    OF    DENSE    V A L L E Y- BO T T 0 M    VEGETATION    WOULD    TEND    TO  PREVENT 
THE    CUTTING    OF    CONTINUOUS  CHANNELS, 

In    CONCLUiSION,    then,     it    can    be    said    that    both    cutting    and  FILLING 
CAN    AND    DO    OCCUR    IN    EITHER    WET    OR    DRY    PERIODS,       iN    WET    PERIODS,    DISCO  rj- 
TINUOUG    GULLIES    ARE    LARGER    AND    MORE    NUMEROUS,     .V  I  T  H    THE    TREND    TOWARD  CUT- 
TING;    IN    DRY    PERIODS,    THE    TREND    IS    TOWARD    F|LLI".'G    BECAUSE    FEWER  AfiD 
SMALLER    DISCONTINUOUS    GULLIES    ARE    FORMED    AND    PREVIOUS    GULLIES    ARE  MORE 
RAPIDLY  FILLED. 


The    DISCUSSION    thus    far    has    dealt    with    the    FORMATIOFJ    OF  DISCONTINU- 
OUS   CHANNELS.       ANOTHER    AREA    OF    DISAGREEMENT    WITH    DOCTOR    BRYAN    IS    1  fi  HIS 
ASSUMPTION    THAT    EROSION,    AS    EVIDENCED    BY    THE    EXPOSURE    OF    ANCIENT  CHAN- 
NELS,    IS    COMPARABLE    TO    THE    EROSION    ACTIVE    TODAY.       RECENT    EROSION  HAS 
DEVELOPED    CONTINUOUS    CHANNELS    IN    MANY    ALLUVIAL    VALLEYS,       THESE  VALLEYS 
HAVE    BEEN    CUT    FROM    ONE    ENC    TO    THE    OTHER    WITH    DEEP,    V E s T  I  C AL -B A N K  ARROYOS 

This  is  true  in  most  valleys  on  the  i^avajo  reseswat  i  on  ,  the  Rio  Puerco, 

THE    GALISTEO,    the    SAN    SIMON,     THE   SAN    PEDRO,    AND    MATJY    OTHER    DRAINAGES  IN 

New  Mexico  and  Arizona,     we  have  no  evidence  that  the  exposed  remnants 

OF    old    channels    are    more    than    segments    of    D  i  S  CONT  1  fiUOUS    GULLIES.  THERE 
IS    NO    EVIDENCE    THAT    THESE    REMNANTS    WERE    PART    OF    CHANNELS    EXTENDING  THE 
FULL    LENGTH    OF    THE    OLD    VALLEY    FILL,    AtJD    THE    ANALYSIS    DEVELOPED    IN  THE 
PRECEDING    PARAGRAPH    WOULD    INDICATE    THAT    THESE    WERE    DISCONTINUOUS  GULLIES 

The    CUTTING    OF    A  DEEP,    NARROV.'    CHANNEL    THROUGH    AN    ALLUVIAL  VALLEY 

HAS    A    GREAT    EFFECT    Or;  STREAM    FLOW    AMD    SEDIMENTATION.       BOTH    FLOW  AND 

CARRYING    POWER    OF    THE  STREAM    ARE    INCREASED,       THIS    COMBlNATIOr:  RESULTS 

IN    RAPID    ACCELERATION  OF  EROSION. 

The    FORMATION    OF    A    CHANNEL    SHARPLY    CONFINING    WATER    FLOW  ALLOWS 
FLOOD    WAVES    TO    MOVE    A    LONG    WAY    DOWN    STREAf,',       FLOOD    WAVES    ARE  GREATER 
BECAUSE    CHANNELS    GATHER    WATER    THAT    WAS    ONCE    SPREAD    CUT,  CONCENTRATING 
IT    IN    ONE    LARGE    FLOW    OF    HIGH    VELOCITY.      Slf-ICE    IT     IS    LESS    SPREAD  OUT 
OVER    THE    DRAINAGE    OR    VALLEY    FLOOR,    THERE    IS    LESS    TEMPORARY    STORAGE  OF 
WATER,    LESS    WATER    ABSORBED    BY    THE    SOIL,    AhiD    A    FURTHER    INCREASE    IN  THE 
FLOOD    FLOW.       WITH    LESS    ABSORPTION    IN    THE    ALLUVIAL     VALLEY    FLOOR,  GROUND 
WATER    DECREASES    AND    VEGETATION    ONCE    FED    BY    FLOOD     IRRIGATION  DECLINES. 


The    COMBINATION    OF    THESE    EFFECTS    LEADS    TO    THE    FORMATION    OF  FLOOD 
FLOWS    WITH    GREATER    CARRYING    POWER    THAT    CUT   THE    NEW    CHANNEL    FURTHER  IN- 
STEAD   OF    DEPOSITING    THE    MATERIAL    CARRIED.       ThE    GULLY-LI'KE    CHARACTER  OF 
THE    CHANNEL,    WITH    LACK    OF    REDUCTION    I       FLOWS    AS    THEY    MOVE  DOWNSTREAM, 
ALLOWS    THE    SOIL    PICKED    UP    TO    BE    MOVED    GREAT    DISTANCES    WITHOUT  BEING 
DROPPED    AND  DEPOSITED. 


The  carly  3TA(^es  i  ij  erosion  create  fairly  straight,  vert  i  cal~v;alleo 

CHANNELS,       OUR    PRESENT    ARROYOS    ARE    OF    T  i1  I  C    TYPE.       LATER    STAGES    OF  THi: 
PROCESS    CREATE    A    MEANDERING    STREAJ    THAT  CUT. 3     ITS    'lANKS    UNTIL    FINALLY  A 
i.V  I  0  E  R    FLOOD      L  A  I  N    IS    F  0  R  (.;  E  D    SOME    0  I  S  T  A  fJ  C  L    B  E  L  O.V    T  tH  E    ORIGINAL  VALLEY 
FLOOR.      AT    THIS    LAST    STAGE,    FLOWS    ARE    AGAIN    SPPiEAO    OUT,    DEPOSITION  0C~ 
CURS,    AND    VEGETATION    IS    ABLE    TO    TAKE    HOLD    ON    THE    NEWLY    FORMED  VALLEY. 
The    EVIDENCE    OF    THE    FINAL    STAGE    OF    EROSION     IS    A    RELATIVELY    WIDE  A;jO 
SHALLOW    CrlANNEL  SECTlOrj* 


Since  i.iost  of  the  exposures  of  the  buried  channels  described  bY 
Doctor  l<ryan  do  not  show  this  section,  and  since  a  coiitinuous  cully 

COULD    QE    killed    ONLY    AFTER    SUCH    A    SECTlOtJ    HAD    BEEN    ATTAIiJED,     IT  SEEMS 
REASONAOLE    TO    ASSUfytE    Tl-iAT,     IN    MOST    CASES    AT    LZ^UT,    THE    EXPOSED  REMNANTS 
OF    OLD    CHANNELS    CITED    CY    DOCTOI^    BRYAN    REPRESENT    PARTS    OF    DISCO  NTifJUO  US 
CHANNELS    Af-ID    NOT    CONTINUOUS    CHANNELS)    AND    THAT    THESE    CHANNELS    ARE  NOT 
COMPARABLE    TO    THOSE    OF    THE    P  R  E  S  E    T    DAY.       THE    MECHANICS    OF    FILLING  A 
CONTINUOUi^    GULLY    WITH    THE    CHARACTERISTICS    OF    THE    OLD    CHANNELS  DESCR13ED 
BY    DOCTOR    CRYAN    HAVE    NEVE!-.,    TO    THE    AUTHOn'S    KNOWLEDGE,    nEEfJ  ADEQUATELY 
DEVELOPED    OY  HIM. 

The  MOST   important  area  of  disagreement  v-ith  Doctor  Bryan   is  in 

HIS    CONCEPT    OF    THE    ROLE    OF    OVERGRAZING    I  fJ    EROSION.       ThAT  OVERGRAZING 
ACCELERATES    EROSION    BEYOND    THE    NOR.V.AL    RATE    IS    A    F  U  NO  AM  E;J  T  A  L  ASSUMPTION 
OF    THE    UPSTREAM  ENGINEER. 

It    HAS    BEEN    SHOWN    THAT    FLOOD     IRRIGATION    OF    THE    ALLUVIAL  VALLEYS 
PRODUCES    DENSE    STANDS    OF    GRASS    ON    THESE    FLO'.'RS,    MORE    THAN    IS  PRODUCED 
ELSEWHERE    IN    A    SEMI-ARID    REGION.       WHErj    WHITE    MEN    BROUGHT    CATTLE  AND 
SHEEP     INTO    THE    SOUTHWEST,    THEY    OFTEN    CONCENTRATED    IN    THE    WELL- BRASSED 
AND    RELATIVELY    WELL-WATERED    ALLUVIAL    VALLEYS.       USE    WAU    HEAVIEST  TMERl. 
The    RESULT    was    an    early    OES  TRUCT  I  Or-I    of    grass    in    many    of    these  VALLEYS 
AND    AN    EARLY    DECREASE    IN    THE    PLANT    COVER    THAT    HAD    BEEN    AN  ESSENTIAL 
PROTECTIOi.'    AGAINST    CUTTING    3Y    FLOOD  FLOWS. 

As    THE    HIGH    DENSE    GRASS    COVER    DISAPPEARED,    THERE    WAS    LESS  OBSTRUC- 
TION   TO    FLOW    THROUGH    THE    VALLEYS,    VELOCITIES    INCREASED,    AND  CHANNELS 
WERE    CUT    IN    THE    VALLEY    FLOOR.       i/ATER    WAS    SPREAD    OVER    A    SMALLER    PART  OF 
THE    VALLEY    UNTIL    PLAfJT    COVER    D1SAPPEAI-!ED    THI^OUGH    LACK    OF     IRRIGATIOrj  AS 
WELL    AS    THROUGH    OVERUSE,       THE    WHOLE    PROCESS    OF    VALLEY    DESTRUCTION  WAG 
CUMULATIVE    SINCE    STOCK    CONTINUED    TO    CO  N  C  E  N  T    A  T  E    ON    REuiAlNlNG  VEGETATION. 

LACX    of    plant    COVER    PLUS    INCREASED    VELOCITIES    OF    FLOWS  ALLOWED 
EROSION    TO    BEGIN    WHERE    NONE    HAD    OCCURRED    AS    LONG    AS    RUN-OFF    WAS  Si''READ 
OVER    THE    VALLEY    FLOOR.       0  I  S C 0 N r 1  N UO U S    GULLIES     INCREASED    IN    LENGTH  AS 
VELOCITIES    AIjD    FLOOD    FLOWS  INCREASED. 

All  of  these  and  related  circumstances  combined  to   increase  erosion 

AND    decrease    DEPOSITION    OF    SEOIf.iENT.       ThE    NET    RESULT    WAS    A    JOINING  OF 
discontinuous    GULLIES    TO    FORM    ONE    LONG,    DEEP-CUT    CHANf^EL    THAT    PUT    AN  END 
TO    FLOOD    IRRIGATION    AND    FORCED    STOCK    TO    THE    SIDE    HILLS    FOR    MUCH    OF  ITS 
FORAGE . 


HEAVIER    GRA7ING    ON    THE    SIDE    HILLS,    DY    THlNNlf-IG    PLANT    COVER,  ALLOWED 
AN    INCREASE    IN    RUN-OFF    AND    A    STiLL    HEAVIER    INCREAoE    IN    EROSION    AND  SILT 
PRODUCTION,       IF    THERE    WERE    NO    CONTINUOUS    GULLY    IN    THE    VALLEY    FLOOR,  THE 
INCREASED    SILT    WOULD    BE    DEPOSITED,      HOWEVER,    THE    CONCENTRATiON    OF  ALL 
FLOWS     in    THE    HARROW    DEEP    CHANNEL    PREVENTS    THIS    FROM    TAKING    PLACE    1  fi  THE 
VALLEYS.      V;E    ARE     IN    THIS    STAGE    TODAY.       THE    SILT     IS    NOT    DEPOSITED  Ut.'TIL 

flood  flows  strike  the  relatively  flat  beds  of  the  wajor  rivers.     it  is 
dumped  there,  where  it  is  either  left  to  fill  the  river  channel  or  is 
carined  by  river  floods  to  man-made  reservoirs. 

This   is  the  negative  aspect  of  the  grazing  picture;  fortunately, 

THERE    IS    evidence    OF    THE    POSITIVE    RESULT    CF    CONSERVATIVE    USE.  THERE 
ARE    DRAINAGES    A'lD    ALLUVIAL    VALLEYS    THAT    HAVE    NOT    BEEN    OVERUSED,  WHICH 
PRESENT    A    WELL- GRASSED,    LARGELY    UN GULLIED    EXPANSE.       ThEY    ARE    NOT  CUT 
FROM    END    TO    E".D    HY    A    RAW    GULLY.       TmERE    ARE    OTHER    AREAS,    OVERUSED  AND 

ekoding  in  the  past,  which  are  healing  '..  1  th  conservative  use, 

This  discussion  has  not  introduced  the  complications  resultitjc 

FROM    THE    concentration    OF    WATER    DY    ROADS,    TRAILS,    HIGHWAYS    AND  RAIL- 
road culverts,  and  other  works  df  m  a  rj ,  but   !t  should  be  obvious  that 
these  concentrations  would   increase  erosion.     since  the  use  of  a  drain- 
age area  mea.ns  that  these  factors  will  be  introduced,  effect  of  misuse 
of  the  land  dy  grazing  will  oe  amplified.     even  on  laiid  conservatively 
used,  the  hari.1ful  action  of  these  factors  may  be  such  as  to  induce 
erosion  that  cannot  be  checked  3y  natural  means.     the  situation  may 
3e  further  complicated  by  unwise  cultivation  or  wasteful  irrigation 
pract ices. 

it  is  rather  interesting  to  note  that  doctor  sryan  has  used  the 
evidence  of  human  occupation  found   in  ancient  3ur1ed  channels  to 
strengthen  his  theory  of  an  arid  period  causing  erosion,  and  has  used 
the  knowledge  that  these  people  had  no  cattle  to  minimize  the  influ- 
ence of  grazi'ig  on  the  formation  of  gullies. 

With  equal  force,  the  available  evidence  can  be  used  to  support 

A    belief    that    the    ancient    CHANNELS    MAY    HAVE    SEEr.'    CAUSED    BY  "ACCELERATED 
erosion"    DIRECTLY    RELATED    TO    HUMAN  OCCUPATION. 

It    SEEMS    TO    BE    THE    GENERAL    CONCLUSION    THAT    THESE    ANCIENT  PEOPLES 
PRACTICED    SOME    METHOD    OF    FLOOD    1  R  R  I  G  A  T  1  0  ,\l  ,    DIVERTIMG    WATER    FROM  EPHEM- 
ERAL   STREAMS    TO    IRRIGATE    THEIR    CROPS,       THE    EFFECT    OF    THIS    PRACTICE  WOULD 
3E    THAT    ONLY    THE    I  fJ  F  R  E  0  U  E  N  T  ,    HIGH    DISCHARGES    WOULD    BE    ALLOWED    TO  PASS 
DOWN    THE    VALLEY.       THAT    LOWER    PORTION    OF    THE    VALLEY,    DEPRIVED    OF  ITS 
PLANT-SUSTAINING    LOW    FLOWS,    WOULD    BE    SUBJECTED    TO    A    .■.'UCH    GREATER  EROSION 
HAZARD    THAN    WOULD    HAVE    B£ZN    THE    CASE  NATURALLY. 

It    may    be    ASSUMED    THAT    SUCH    DIVERSION    STRUCTURES    AS  WERE    3U1LT  BY 
THESE    ANCIENT    PEOPLES    WERE    POORLY    CONSTRUCTED,       THE    LOSS  OF    THESE  STRUC- 
TURES   JN    FLOODS,    THE    U  N  C  0  r;  T  R  0  L  L  E  D    MOVEMENT    OF    WATER    DOWN  DIVERSION  DITCH 
AND    OTHER    FACTORS    ALL    WOULD    TEND    TO    INCREASE    THE    EROSION  HAZARD    AT  THE 
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POINT    or    OIVtRSION.       IT    V.OULD    SEEM    TO    BE    MCRL    REMARKABLE    IF  EROSION 
DID    nOT    OCCUR    V.'ITH    HUMAN    OCCUPATION    THAN    THAT     IT  DID. 

E?<OSIOfJ    CONTROL    OR    UPSTREAPyi    ENGINEERING    IN    THE    SOUTHWEST  ATTEMPTS 
TO    UGC,    AT    LEAST    IN    THE    PLANNING    STAGE,    THE    COflSINEO    TALENTS    OF  THE 
PLANT    ECOLOGIST,     THE    HYDROLOGIST,    AND    THE    EfJGlNEER,    AS    WELL    AS    MEN  WHO 
HAVE    SPECIAL    TRAINING     IN    THE    MANAGEMENT    OF    RANGE    AND    CROP    LANDS,  THE 
SOCIO-ECONOMIST    HAS    A    SIGNIFICANT    PART.       THE    JOB    OF    THESE    MEN,  WORKING 
WITH    THE    LAND    USERS    AND    CHAR  CEO    V.'ITH    RESPONSIBILITY    FOR  INTEGRATING 
THEIR    EFFORTS,     IS    TO    EFFECT    GOOD    LAND    M  A  N  A  G  El.i  E  TJ  T  ,    SUPPLEMENTED    DY  SUCH 
ENGINEERING    MEASURES    AS    ARE    CALCULATED    TO    PREVENT    FUTURE    DAMAGE.  JHCRE 
GULLY    EROSION    HAS    REACHED    AN    ADVANCED    STAGE,    WHERE    THE    PEOPLE    ON  THE 
LAND    ARE    DEPRIVED    OF    RESOURCES    THEY    NElO    FOR    LIVELIHOOD,    AND  WHERE 
COMMUNITIES    AND     IRRIGATION    PROJECTS    D  0  V.  N  S  T  R  E  Ai.1    SUFFER    FROM    FLOODS  AND 
SILT,    SUBSTANTIAL    SUMS    OF    MONEY    AND    THE    MAXIMUM    AVAILABLE    AMOUNT  OF 
HUMAN     irjGENUITY    ARE  REQUIRED. 

sometu/.es,  as   in  the  case  cited  3y  dcctor  oryan,  hu:.ian  aijd  latjd 
resources  are  equally  at  stake.     then  all  tf1e  tools  available  tc  public 
agencies  must  be  put  to  use.     land  purchase,   erosion  control,  rural 
rehabilitation  facilities,  and  aid   in  repairing  irrigation  wor'<s  are 
some  of  these  tools,     the  effectiveness  of   the  conservation  effort 
should  not  be  measured  solely  by  the  price  per  acre  of  land  or  the  cost 
of  engineering  treatment  on   individual  tracts.     each  part  of  the  job 
should  contribute  toward  the  solution  of  the  total  problem.     if,  as 
the  work  progresses,   its  various  compofjent  parts  contribute  toward  the 
desired  result — -restorlrjg  watershed  larjds  to  something  like  their  orig- 
inal state,  repopulating  farms  abandoned  for  lack  of  water,  lessening 
flood  hazards  to  discouraged  communities,  and  lifting  people  from  a 
relief  status  to  self-support  the  project  may  be  adjudged  worthwhile. 

3ut,  fundamentally ,  conservation  is  not  a  program.     it   is  a  way  of 
using  the  land,  a  way  of  seeing  and  valupig  the  land.     il   is  only  be- 
cause tr:  i  s  country  has  approached  late  the  more   intelligent  use  of  all 
its  fari.  and  range  lands  that  the  task   is  so  magnified, 

Your  true  conservationist   is  human  and,  being  human,  makes  mis- 
takes.    But  he  keeps  a  goal   in  viev-,  weighs  criticism,  and  profits  by 
that  '.vhich   is  merited.     His  work  will  stand  the  test   if  he  benefits 
the  most  people  and  the  maximum  amount  of  land  resources  with  the 
motjey  and  tools  at  his  command, 
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